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Biogas is composed of methan (CH 4 ), carbon dioxide (CO 2 ), dinitrogen (N 2 ), water vapor (H 2 O), ammonia (NH 4 ), hydrogen sulfide (H 2 S) and other sulfur compounds [3] . Biogas produced by waste biomass has become one of the most important alternative energy sources in the recent years as it is derived from the non-fossil sources. As such, biogas generation is now considered a highly economic method of extracting energy from wastewater. Thus, biogas generation reduces the needs for costly aerobic wastewater treatment while simultaneously providing an abundant energy source. Biogas is used as a fuel or to generate electricity in wastewater treatment plants [4] .
In order to be used as a source of energy to generate heat and electricity, biogas must be cleaned. H 2 S is a colourless, flammable, malodorous and toxic gas. The corrosion properties of H 2 S, making the serious damage to a cogeneration engine, are the reason of its removal from a biogas. On the other hand, combustion of H 2 S leads to a formation of SO x that should be limited [2] . Moreover, SO 2 contamination can destroy the fuel cell catalytic activity. Upon inhalation, hydrogen sulfide reacts with enzymes in the bloodstream and inhibits cellular respiration resulting in pulmonary paralysis, sudden collapse, and death. Continuous exposure to low (15-50 mg/dm 3 ) concentrations will generally cause irritation to mucous membranes and may also cause headaches, dizziness, and nausea. Higher concentrations (200-300 mg/dm 3 ) may result in respiratory arrest leading to coma and unconsciousness. Exposures for more than 30 minutes at concentrations greater than 700 mg/dm 3 have been fatal [6] . The main purpose of this paper is a brief review of the biological methods used to remove hydrogen sulphide from biogas in wastewater treatment plants.
The main attention was placed on the use of biofilters, biotrickling filters, bioscrubbers and activated sludge.
ODOURS IN WASTEWATER TREAT-MENT PLANTS
Wastewater treatment plants are important sources of gaseous emissions, including greenhouse gases and odorants. The malodorous emissions associated with treatment processes are considered to be one of the major concerns of exposed population living in surrounding areas of wastewater treatment plants [7] . The odours emitted from sewage treatment plants are not carcinogenic, however, their presence in the air often has a disadvantageous effect on people inducing such symptoms as headache and dizziness, malaise, concentration problems or other health hazards. Moreover, their emission has a negative effect on the plant and animal ecosystem [8] .
In wastewater treatment plants odours sources can be divided into two classes: those which promote mass transfer for odorants which have already been formed (for example in the sewerage system) and those in which new odorants are formed. Aerobic treatment tends to reduce liquid-phase odorant concentrations due to biological oxidation. However, it can be significant odour source as it brings large amounts of sewage into contact with air and can promote the stripping of odorants especially if overloaded [9] . The major odours sources are associated with preliminary operations and sludge dewatering, drying and thickening ( Fig. 1 ) [8] . 
BIOLOGICAL PROCESSES TO REMOVE H 2 S
Microbial processes to remove the sulphur compounds are based on the biological sulphur cycle (Fig. 2) . The sulphur cycle consists of oxidative and reductive sides. Sulphate on the reductive side functions as an electron acceptor in metabolic pathways used by a wide range of microorganisms, and it is converted into sulphide. On the oxidative side, reduced sulphur compounds, such as sulphides, serve as electron donors for phototrophic or chemolithothrophic bacteria which convert these compounds into elemental sulphur or sulphate. A situation in which the reductive and oxidative sides of this cycle are not in balance could result in accumulation of intermediates such as sulphur, iron sulphide and hydrogen sulphide. Sulphur disproportionation, carried out by some species of sulphate reducing bacteria and other highly specialized bacteria, is an energy generating process in which elemental sulphur or thiosulphate functions both as electron donor and electron acceptor. Sulphur disproportionation results in the simultaneous formation of sulphate and sulphide [10] . Two different biotechnological processes can be distinguished for the removal of hydrogen sulphide. First, genera of the family Chlorobiaceae and Chromatiaceae catalyse, under anaerobic conditions, the photosynthetic Van Niel reaction [12] :
Major disadvantages in using photosynthetic bacteria on a large scale are their anaerobic nature and their requirement for radiant energy and hence extremely transparent solutions. Also, phototrophic bacteria generally store the produced sulphur internally, making a separation of cells and sulphur impossible. The other biotechnological process to remove H 2 S is the oxidation of sulphide to elemental sulphur or sulphate by using chemolithoautotrophic bacteria from the genus Thiobacillus group. The sulphides oxidation using Thiobacillus bacteria is as efficient as the chemical one due to the high bacteria affinity to the sulphide contaminations. The following two reactions may occur in an aerobic sulphide removal system [11] : 
METHODS FOR ODOUR CONTROL
To select an appropriate odour control method it is important to consider the physical, thermodynamic and chemical features of the process. The control methods are based on the difference in the properties of the target compounds and the conditions of the stream [13] . Odour treatment technologies are classified into three categories: chemical (thermal oxidation, catalytic oxidation, ozonation), physical (condensation, adsorption, absorption) and biological (using biofilters, biotrickling filters, bioscrubbers, activated sludge) [14] . The main advantages of physical and chemical technologies are their low empty bed residence time (EBRT), extensive experience in design and operation, and rapid startup [15] . Physical technologies are applied for waste gas streams where the flow and pollutant concentration are high. The most important advantage of biological treatment methods over physical and chemical technologies is that the biological processes can be conducted at ambient temperatures and atmospheric pressure. Biological methods are simple to operate and inexpensive [13] . Compared to the physicochemical treatments, biological methods are ecologically cleaner -the end products of biological treatment are carbon dioxide, water, sulfate and nitrate [17] . The basic pollutant removal mechanisms of all the reactors are similar, whereas the main differences come from the use of microorganisms (suspended in liquid or immobilized on biofilm), a type of packing medium, pollutant concentration etc. [16] .
Biofilters
Biofilters are fixed-bed reactors where the microorganisms are immobilized. The contaminated gases flow through the porous material and the biological oxidation occurs after they have diffused into the biofilm, synthesized by the microflora. One important feature of biofiltration is the absence of a mobile liquid chase [18] . Biofilms are fixed on a packed bed composed of material such as peat, soil, compost and synthetic substances or combinations of these [2] . H 2 S biofiltration requires the following mechanisms: H 2 S contained in contaminated air is transferred from the gas to the aqueous phase. In the next step, the diffusion process occurs. The contaminations are adsorbed by the biofilm and packing material. Then, biodegradation occurs. The microorganism are grown on the bed material to carry out the metabolic activities. In this way the pollutants are transformed to harmless products [19] . The applications of various bed materials are widely described in the literature (see Table 2 ).
The most commonly used bed materials are peat, compost and wood bark. These materials are widely available at low cost and provide a high degree of removal of H 2 S from biogas. Over time, the researchers began to look for other materials which may serve as bed materials. Inorganic inert carriers (ceramic, TDRP, pozzolan, marble) that are also used in conventional biofilters may present some advantages compared to the organic ones. Their composition is usually well defined, quite stable over time and much more homogenous than such carriers as peat or compost.
Biotrickling filter technology
In biotrickling filter the gas flows through a fixedbed, which is continuously irrigated with an aqueous solution containing the nutrients required by the biological system. Microorganisms grow as biofilm on the packing material of the biofilter [16] . The packed bed is usually made up of an inert mate- Porous silica packing [43] TDRP b [44] Bioceramics and polyhedral hollow balls [45] Pozzolan or marble [46] Expanded schist [47] Acid resistant polyethylene (ABB material) [48] a mixture of CH 4 N 2 O, H 3 PO 4 , CaCO 3 and organic binder (20%) b tire-derived rubber particles rial such as a random-dump plastic packing, structured plastic packing, open-pore synthetic foam, lava rock, glass or rock wool, TDRP, glass beads or ceramics. The packing provides the necessary surface for biofilm attachment and for gas-liquid contact. During filter operation, a packing is sprayed by an aqueous phase. Distributed aqueous phase provides moisture, mineral nutrients to the process culture, to control the basic operating parameters. In general, most of the pollutant is biodegraded in the biofilm, but a part may also be removed by microorganisms suspended in the recycled liquid [49] . The methods based on applications of biotrickling filters, bioscrubbers and activated sludge are often described in the literature, see Table 3 .
Bioscrubbers
Bioscrubber is a three-phase, fluidized-bed bioreactor which consists of two units: an absorption tower and a bioreactor. The pollutant in the gas phase is removed by absorption in the re-circulated liquid in a gas-liquid contactor. The pollutant-laden liquid is regenerated by the microorganisms suspended in the liquid in a bioreactor with supplementary oxygen, to be returned to the contactor [13] . In bioscrubbers the contaminated air is removed by the physical and biochemical process. In a first step absorption process occurs, odorous compounds are transferred from the gas phase to the aqueous phase. Next, higher molecular weight compounds with low water solubility may be physically adsorbed by the biological flocs. Then, warm odorous gases condense when transferred into the aqueous medium maintained at a lower temperature. The heterotrophic or autotrophic microorganisms in the bioreactor are responsible for the significant conversion of odorous compounds contained in the aqueous phase [19] . The papers on the bioscrubbers application are presented in Table 3 .
Activated sludge
Generally, the main task of activated sludge is to remove organic contaminants from the wastewater. The reactors based on activated sludge were applied to simultaneous wastewater treatment and removal of gaseous contaminants to be injected into a reactor. The reactor is aerated in order to provide oxygen as an electron acceptor to enable suspended aerobic bacteria to degrade dissolved organic contaminants. Mass transfer considerations in the design of these reactors are generally focused on oxygen delivery and mixing. Current application of activated sludge reactors to treat the contaminated gases does not require a big modification of the wastewater treatment tank. The contaminated air is simply used in addition to, or in place of, the clean air commonly used to supply oxygen [79] . In wastewater treatment plants (WWTP) based on activated sludge biological treatment, wastewater flows through an aerated biological reactors. Microorganisms oxidize the organic matter and other pollutants under aerobic conditions. The biomass is afterwards separated from the treated wastewater in secondary clarifiers. After clarification, the settled sludge is recycled back to the anoxic or aerobic tanks [80] . Activated sludge recycling is a strategy for odour control consisting of the recycling of waste or return settled activated sludge from secondary clarifiers or aerobic activated sludge from aerated biological reactors to the inlet of the WWTP. This promotes the consumption of odorous compounds before they volatilize from the liquid phase. Adsorption followed by oxidation of potential malodorous compounds is assumed to be the principle of preventing their release from the subsequent wastewater treatment units [81] . The examples of activated sludge application are shown in Table 3 . 
CONCLUSION

